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The adoption of minimally invasive esophagectomy has increased worldwide since its first description more than 15
years ago. The technique has evolved from a transhiatal to a 3-hole McKeowan approach and, more recently, to a min-
imally invasive Ivor Lewis approach. We reviewed the technique and results of 3-hole minimally invasive esophagec-
tomy. We favor thoracoscopic esophageal mobilization with the patient in a lateral decubitus position, although other
groups have reported this with a prone or robotic approach. Several series have demonstrated low perioperative mor-
tality with minimally invasive esophagectomy. Amajor advantage compared with esophagectomywith thoracotomy is
a lower incidence of respiratory complications, which have been shown to be a significant predictor of mortality in
other studies. (J Thorac Cardiovasc Surg 2012;144:S63-6)The overall results for the treatment of esophageal cancer
have been poor, with more than 95% of patients eventually
succumbing to their disease.1 Surgical removal of the
esophagus continues to play a major role in the treatment
of esophageal cancer. However, esophagectomy is a com-
plex procedure that can be associated with significant mor-
bidity and mortality, requiring dissection within the chest
and abdominal cavities, as well as the neck in many cases.
The concept of 3-field esophagectomy was introduced by
McKeown,2 who described transthoracic esophagectomy
with cervical anastomosis, in which the thoracic esophagus
and adjacent lymph nodes were removed en bloc using
thoracotomy combined with laparotomy and cervical
incision. In an effort to decrease the morbidity, allow
a quicker recovery, and return to normal activities, several
centers have introduced minimally invasive approaches to
esophagectomy.3,4
DePaula and colleagues3 and Swanstrom and Hansen4
were the first to report a total minimally invasive approach
to esophagectomy (MIE). Their procedure included laparo-
scopic transhiatal esophagectomy similar to the open
transhiatal technique described by Orringer and Sloan.5
Around the same time, Lawand colleagues6 reported a series
of esophagectomies in which thoracoscopic mobilization
was performed. Subsequently, Luketich and colleagues7
reported a minimally invasive approach that included thora-
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The Journal of Thoracic and Caof a gastric pull-up with a cervical anastomosis, in effect
a minimally invasive McKeown or 3-hole approach. In the
present report, we have briefly reviewed the technique and
indications and describe the results for 3-hole MIE.TECHNIQUE
The steps of 3-hole MIE have been previously de-
scribed.8 After intubation with a double-lumen tube,
right-sided video-assisted thoracic surgery (VATS) is under-
taken with the patient in the left lateral decubitus position.
Typically, 4 port incisions are used. The esophagus is mobi-
lized from the diaphragm to the thoracic inlet. To facilitate
exposure of the distal esophagus, a single retracting suture
is placed in the dome of the diaphragm and brought out an-
teriorly and inferiorly through a small stab incision. Placing
the patient in a slightly reverse Trendelenburg position with
some rotation anteriorly will also help rotate the lung ante-
riorly away from the esophagus. We also place a Penrose
drain around the esophagus for traction during the thoracic
dissection. Generally, we use a harmonic scalpel (Ethicon,
Cincinnati, Ohio) or ultrasonic shears (Covidien, Norwalk,
Conn) to perform the dissection. After dissecting the esoph-
agus for a short distance into the neck from the mediasti-
num, the Penrose drain is left in the neck to help with
identification of the esophagus when the cervical portion
of the procedure is performed. It is also important to not ex-
tend the lower part of the dissection beyond the crura infe-
riorly, because this will lead to difficulties with insufflation
during the laparoscopic portion of the procedure. We do not
use epidural analgesia and favor the use of an extrapleural
catheter for postoperative analgesia9 combined with
patient-controlled analgesia.
After completion of the thoracic portion, the patient is
turned to the supine position with a footboard at the end
of the table. The patient is placed in a steep reverse Trende-
lenburg position for laparoscopic gastric mobilization.
The gastrohepatic ligament is initially divided, exposing
the right crus of the diaphragm. The stomach is then mobi-
lized with division of the short gastric vessels superiorly.rdiovascular Surgery c Volume 144, Number 3 S63
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MIE ¼ minimally invasive esophagectomy
VATS ¼ video-assisted thoracic surgery4 TheThe dissection then continues inferiorly along the greater
curve, taking care to preserve the right gastroepiploic ar-
cade. One of the more difficult parts of the dissection is
the most distal part of the greater curve. It is important to
have sufficient mobilization without compromising the ori-
gin of the gastroepiploic artery. One method of testing the
adequacy of gastric mobilization is to determine whether
the pylorus will retract, close to the hiatus. This will be eas-
ier to determine after division of the left gastric artery,
which is undertaken with an endoscopic GIA stapler. After
this has been performed, any remaining adhesions close to
the distal stomach and pylorus will be easier to visualize
and divide.
The gastric tube is then created by stapling the lesser
curve in parallel to the greater curvature, using a moderate
to thick tissue endoscopic GIA stapler. No additional su-
tures are placed over the gastric staple line, keeping this
to a diameter of approximately 5 cm. After creation of the
gastric tube, the top of the tube is tacked to the proximal
stomach using a 0-0 Surgideck endostitch (Covidien, Nor-
walk, Conn). We no longer perform pyloroplasty and favor
the use of Botox, which is injected into the pyloric mus-
cle.10 At this point, we routinely place a jejunostomy
tube. To assist in the identification of the ligament of Treitz,
the patient is placed in the Trendelenburg position and the
transverse colon retracted superiorly. After placement of
the jejunostomy tube, the patient is placed back in the re-
verse Trendelenburg position. The final part of the abdom-
inal dissection is to divide the phrenoesophageal membrane
and complete any remaining dissection of the distal esoph-
agus into the mediastinum. This is left as the last step, again
to minimize loss of the pneumoperitoneum during the lap-
aroscopic mobilization. The right and left crura are also par-
tially divided to facilitate passage of the gastric tube into the
mediastinum. At this point, a cervical incision is made and
the esophagus identified using the previously placed Pen-
rose drain. As upward traction is applied to the esophagus
in the neck, the assistant guides the specimen in its proper
alignment into the mediastinum from the abdomen. Care
is taken to maintain orientation of the gastric tube. The
esophagus and the top of the gastric tube is delivered
through the mediastinum and into the neck. The vagus nerve
is usually divided in the chest during the dissection. Care is
taken to ensure that the nerve is divided below the thoracic
inlet to minimize the risk of injury to the right recurrent
laryngeal nerve.Journal of Thoracic and Cardiovascular SurgFor the patients who are undergoing a neck anastomosis,
the following steps are undertaken to minimize injury to the
recurrent nerve:
1. During the VATS portion of the procedure, the esopha-
gus is mobilized for a short distance under direct vision
into the neck. A Penrose drain is placed around the cer-
vical esophagus and left in place.
2. When neck dissection is performed, we adhere to the fol-
lowing principals:
A. Avoid the use of self-retaining retractors deeper than
the sternomastoid muscle.
B. Minimize the use of cautery during the deep part of
the dissection, particularly around the esophagus.
C. Use the Penrose drain previously placed during the
intrathoracic portion, because this significantly aids
in identifying and dissecting the esophagus.
After removal of the specimen, an anastomosis between
the gastric tube and cervical esophagus is created. This
can be hand sewn or stapled; our preference is to use an
EEA stapler, usually a 25-mm stapler. The cervical esoph-
agus is dilated using a Foley catheter with a 30-mL balloon.
The anvil is placed into the cervical esophagus and a purse-
string placed to secure it, the stapler is inserted via a gastro-
stomy at the gastric tip for an end-to-side esophagogastric
anastomosis (at the lesser curvature side). It is being per-
formed while the gastrotomy site is closed with endo-GIA
stapler or hand sewn.
Before closing the abdomen, we also place some tacking
sutures between the crura and gastric tube to minimize the
chance of herniation of abdominal contents alongside the
pull-up occurring later.DISCUSSION
The first report involving the use of 3-hole MIE was by
Luketich and colleagues.11 That initial series of 8 patients
included 1 patient who underwent a completely minimally
invasive 3-hole approach and 3 patients in whom aminithor-
acotomy was performed. Subsequently, the same group
reported successive series involving progressively greater
numbers of patients using primarily the 3-hole MIE
technique.7,8 The latter series, involving 222 patients,
documented a perioperative mortality of only 1.8% and
a pneumonia rate of 7.7%, lower than reported by many
open series of esophagectomy around that time. More
recently, the Pittsburgh group has favored a minimally
invasive Ivor Lewis approach with an intrathoracic anasto-
mosis.12 Their most recent experience was presented at the
American Surgical Association in 2011 and involved 973
patients.13 Neck anastomosis was undertaken in 478 pa-
tients and intrathoracic anastomosis in 494. No difference
was found in the hospital or intensive care unit lengths of
stay or in the lymph node counts; however, a greaterery c September 2012
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anastomosis group. In our own experience, we believe that
the minimally invasive Ivor Lewis procedure offers the fol-
lowing advantages: (1) it is a shorter procedure because the
chest mobilization is easier after starting mediastinal dis-
section from the abdomen, and no neck incision is required;
(2) the risk of anastomotic leak/vocal cord injury is de-
creased; and (3) less aggressive dissection of the stomach
is required distally. However, the intrathoracic anastomosis
is technically a more challenging procedure, and, if a leak
occurs, this will likely prolong the patient’s length of stay
compared with a cervical leak, which can be more simply
drained.
Although we favor the use of an intrathoracic anastomo-
sis in many cases, we have continued to use the 3-hole ap-
proach for those patients with midesophageal cancer,
patients with long-segment Barrett’s esophagus extending
to the midthoracic esophagus, and patients with long-
segment benign disorders such as end-stage achalasia or
complex benign strictures.
Other approaches to 3-hole MIE have been described.
These include a prone approach to the chest mobiliization.14
The series by Palanivelu and colleagues14 represents the
largest experience with this technique and involved 130 pa-
tients. However, only 1 patient (0.77%) in that series re-
ceived neoadjuvant therapy. The perioperative mortality
was 1.54%, and the hospital stay was 8 days. The main ad-
vantage of the prone technique is that it allows better visu-
alization of the esophagus as the lung falls away from the
mediastinum, and, unlike with the decubitus position, blood
does not tend to pool over the surgical field. However, we do
not favor this approach because of the potential difficulty
should emergency conversion to thoracotomy be required.
Another approach involves the use of robotics.15 This has
been described elsewhere in this Supplement. Although
there are certainly proponents of this approach, we do not
favor it because of the longer setup times needed and our
current comfort with nonrobotic minimally invasive esoph-
agectomy. Additionally, for a multistep procedure requiring
dissection in different body cavities, as well as different
areas of those body cavities, we do not believe that the robot
in its current form can facilitate all the steps of the opera-
tion. The robot is most helpful for procedures focused in
a limited anatomic site, such as the mediastinum.16,17
A significant advantage of minimally invasive esopha-
gectomy and, in particular, a VATS approach compared
with thoracotomy could be the lower incidence of pulmo-
nary morbidity. A center from Europe recently reported
a case-controlled series comparing open esophagectomy
and MIE.18 The morbidity was significantly less in the
MIE group at 25% versus 74% (P ¼ .014). Specifically,
the incidence of respiratory complications was lower in
those patients who had undergone VATS rather than thora-
cotomy (9.7% vs 38.7%; P ¼ .008). A group fromThe Journal of Thoracic and CaAustralia also compared their experience with MIE and
open esophagectomy.19 As with the European study, the
use of MIE led to a lower incidence of respiratory compli-
cations, which has been shown in other studies to be a factor
predictive of mortality.20
A phase II multicenter study of MIE was also previously
presented.21 The final end-point data from that study has not
yet been reported. However, the pneumonia rates were low
in that series at around 4%. This compares well to the pneu-
monia rate of 8.1% reported after esophagectomy from the
Society of Thoracic Surgeons database.22CONCLUSIONS
Minimally invasive 3-hole esophagectomy can be under-
taken by a number of approaches and has been adopted by
several centers. The preliminary results are encouraging.
Although a trend has been seen toward favoring an Ivor
Lewis approach among surgeons using minimally invasive
techniques, the 3-hole approach should continue to be
a part of the surgeon’s armamentarium.References
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